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TRAFFIC AIRSHIPS WITH SPECIAL REFERENCE TG ESONOMY*
- B - N L T LIRS T PR T BY - L e 1o .._ -
Walther Leyensettex.

Introduation.

As a rasult of the progress in the comstruotion of airshirs
during the War, the Question naturally arises as to their'adqpt-
abllity to economical transportation.

The alrshlp 1s expected to enter into competition wlth the
exlsting means of transportation and to carry on alr traffilc
along with the airplane.

In a general way, the following table™* ghows the availabls
flelds fcr airoraft:

* Taken from "Zeitschrift fir Flugteohnik und Motorluftschif-
fahrt," October 30, and November 15, 19820.

** See table, Page 3.
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It follows that air transportation constitutes an orgaric
extension of land transportation, but without the load exseeding
20000 kg. and without mai;eria.liy reducing the gfea.t Jump in spead
from 150 km/h (eleotric express) tc 1,080,000,000 km/h (tele-
graph).

It can therefore seldom be a question of ordinary frelght,
but chiefly of passengers, urgent letters, samples of goods, eto.
An alroraft line is consequently always able to compets,
when it utiiizes 1ts advantage (shared in common with boats) of

saving +the expense of construoctlon and upkeer of rallroads.

Thelr ability to compete is unimpaired when thelr superlor-
14y depends orly or the shorter duration of ths trip, in conneo—
tlon with whloh the element of danger and derendence on the
weather works to their disadvantage.

I. TECGHNICAL VIEVPOINTS.

1. Flieght Al%itude and Efficiency.
The prépeller thruaf P, for a glven engine power K,
1s |
P=w.mm -r*-w - X ..., @
8
N1==u-%.f-wa-.:-é..........(Z)

in which p and ¥ represent numbers dependent on ;—‘-’—“-’—

T, +the propeller radius in m,
w, angular speed in 1/s,
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Y, air density in kg/ma,
o - _ adosleratlon Gue to gravity in m/s?.

- -

This thrust equals the total resistance of the aircraft;

W= (5o F+2§,J“’°)'—§-, P €

. in which
| { 4> Topresents the drag coeff loient for surfaces,
F, the frontal surface in =q.n.,
{ 4> drag aoeffioient for objects,
33, total surface in sq.m.

v, &peed of alroraft in m/s.

If the engine power N3 and the aircrait speed v r emain
constant, it follows since all other Qquantities* are lnvariable
and %Y/g only appear linearly in equations 1, 3, and 3, +that
under these conditiors the flight altitude of the alrcraft makes
no difference (with ordinary englnes).

For engines'with ordinary carburetors, the powei diminishes
more rapidly than the alr density as was found by experlments in
the vacuum chamber.** For these engines thers was a conmection

between horsepower and air density, according to the equation:

* This does not hold quite true for {, and £. Since, however,
tests have not yet been made of the changeability of these two
values for changing %/g and it may be.assumed that ¥ and M
o%an%g in quite sinmilar manner, they may be here regarded as con-
8tant. ‘ ' -

** See "Zeitsohrift des Vereines Dsutscher Ingenieure," 19819,
Vol.63, W. G. Koaok, Airplane Superchargers, p.285 (For translss
tion see N.A.O,A. 3161-33), and T.B., Vol.III, No.l, pp. 1-10
(For translation see N.A.C.A. 3001 Daimler/3). '



in which n. n, amd o are known.

_ qurdimenqibhed and hign.compreasion e ngines lies &t an

altitude of 3500 m. The variationsin consumption are so small
up to 3000 m. that, from the standpoint of effioclency and fuel
economy, high oompression engines are the best for alrships.*

The . endeavor to malntain the greatest possible economy of
fuel, independently of the alr deasity, 1s manifested by 1ts
reaction on the propellert

To obtain the highest proreller effloieny 1s lesa import-
ant in 1teelf than to adapt the propeller output to the working
coxdltions of the engine.

The influence of the variations in tordque and r.p.m. on the
effioclency of propelisrs is shown by Fig. 1, wkich 1s taken from
the publications of Schaffran ("Zeitsch-ift fir Flugtechnik und
Motorluftschiffahrt," 1817, pp. 49, 3 and 109) on systematio
propeller experiments.

From this figure 1t is manifest that 1f the revolution
spegd n, and the diameter D are constant, then the efficien-
oy np 1s greatest for a given torque M.

The field =within whioch np obhangss by: like Qmounts,'oon—
stantly inoreases with the effective olimbing ratio H./D.

When, therefore, the revolution speed n and the dlameter I
remain constant, it is advantageous to take the effeotive pltch
and therewith the speed vr as great as possible, since with a
%argg He/D the absclute value of the propeller effioclency 1np
See "Zelteohrifs ; fur FLagnechnik und Mogsorluftschiffahrt," 1930,
No. 10, p.137, “Der Flugmotor in Verachiedenen Luftdichten," by

0. Schwager, and "Zeitsachrifs fir Flugtechnik und Motorluftschif--

-fahrt,“ 1920, No,1l3, p. 185, "Hohenleistung'von Verbrennungsmotor—
en," by Wiloke.
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N L]
increases, as elso with decreasing engine power, L (M = 71630 _

_mp  dsoreases less than with a small H'/H (narrGWbbladed.propel-
lers).

For small variations in +tLe r.p.m. and in torque, the de-
orease in propeller efficienoy is of subordinate lmportance.

The inoréase in the r.p.m. of the propeller, due to increas-
ing ralr density with constant engine power, demands however spec—
1al measures.

The variation of the propeller spsed through

(a) a variable gear-shift, has the disadventage of increas:
oed welght, considerably more noise and objectionable acceleration
of the propeller 1in thin air.

(b) regulationm of the engine speed, has the disadvantage
of increasing fuel consumption by departing from the most favor-
able r.p.m., '‘and of vibrations of the whole engine growﬁ on ap-
proaching the critical r.p.m.

The mos% promising method i1s by ohanglng tﬁe pitoh of the
propeller* in order, with oﬁanging elr density, to retain approx-
imately 'the same effiolenocy.

Tested specimens of adjustable blades designed by Helix,
Hirth, Lorenzen and others have demonstrated their praotioaﬁility
and the possiblllty of making them of other materlials than wood.

While an airplane 14 olimbing requires an increase AL in
the éngine output per second -

AL=Gs8in®+vg « .. ... .. (5)

* Article by Prof. C. Eberhardt in "Hotorwagen," 1919, p.308, on
adjustable propellers,




in which G = weight of airplane,
@ = olimbing anglgﬁ

vy = olimbing spesd,

an alrship ha.t;s a constant 11ft up to a certain altitude. The '
onoloe o'f this altituds has a bearing on the perosntage composi-
tion of the gas at tkhe starting point.

In aoccordance wlith the barometric altitude formula, without

reference to tempersture changes, we have:

'V'l
O~ 4= ——3i N\ = . 1 -
H' - H = 18,400 log (1 - Y.'.) £,000 log nat ( v)
'V -
in whioh H' - H 1s the difference in altltude up to which no
blowling off shell oscur,

V, the gas voiume at beglnning of ascent,

V!, increzse of gas voluue at altitude H',
hence V + V', total gas volune of airshir.

Fror the above equation follows

I B =-H_ @ -H, & -0 (& _-5] (8)
3 + 3 - Y + o ] ) * [
v 3000 8000 3 . 300076 8000 ™ 34 .

d' - H = 500, 1000; 1500, 3000, 2500, 3000, 4GC00, 5000 m.
-Y-‘.;- = 6,06 11,77 17.1 83,1 36.8 31.3 39.3 46,4%

Fig. 2 shows the utilizable gas volume in terms of the flight
altitude. & partially infleted eirship always has the same sup-
vrorting power both iﬁ ascending and in descending. A full airship
icses sbout 1% of its tctal lifting power for every 100 feet of



agoent. Mechanical asocent of.a full alrship 1s always uneconomi-

.cal, resulting in a loss of both fuel and effiociency.

¥ith reference to engine power and propeller efficiénoy, &8
well as for avoiding needless loss of gas, ws are restriocted %o a
maximum difference of about 3500 m. between the atarting and
flight altitude. '

8. Flight Bnged.

The necessityfor war airocraft to reduce the air resistance,
has exhausted the possidilities so far that the limits in the
praotical productlon of streamlined coverings and in the acocess-
i1bility of important parts are rather to be sought, than the
elinmination of drag-producing bodies.

The case 1s s3irllar as regards welght reduotion. Still
there are possibillities here for improvements in the further de-
velopment of girdsr construotion, the employment of more sulte-
ble materials, eto.

'The oonnection between welght and drag, 1f alrcraft of like
speeds are oompared, is determined by the saving in powsr for &
lessening 1n drag. In general it is

w=2L+N-H%
v

in whioh W = drag of alroraft,

v = gpeed of alrcraft,
N

total englne pcwer,

U] efflelency of eircraft.
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With comstant alroraft speeds, the horsepowers of two alr-

oraft may be compared by_thg formala

L
N==-ﬁ:N1

in which
“L<< WI

fa== v,
If ‘Fbo is the fuel and olil consumption per HP and per
hour, and t is the flight time In hburs, then the fuel saving
for any drag dimimuition is given by the formula

DOpg = Gpg + Ny + & (1--3&1)........(7)

It is here assumed to be a question of only small changes
in drag and that, ir throttling the fusl, only an inslgnifloant
loss of effiolency of the engine occurs.

If then W, > W, and v, > v, , the inorease in fuel con-

sumption with increased alrcraft speed is
. v \yh
== ] & * —l . . L] . -(8)
AGbo_Gbo N, ¢ .{(ﬁ/ }

If we wisk, with trafflc alrarafi, tc adopt an arrargement
whloh, with small space for passengers and freight, wlll enable
the reduotionxr of the total drag, +he Qquestion arises as to wheth-
er, in the partiocular inmstance, it is more economlcal to reduce
the fllght time or the welght of fuel. .

. It follows from the above that (for a small reduction in
drag, resulting from the saving in fuel dus to the engine) it is
economiocal to throttle the engine.
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These considerations lead in general to the inquiry, in the
hoase_di_ajxpamg;pgq bp;ﬁes, as to what relations there are be-
twean content J, surface O, uaﬁdmarag ooefficient {;;

The investigations of Prandtl-Fuhrmann, which must b con-
gidered fundamental, are based on models having the same cubical
contents arnd the same surface (Hutts I, 1815, p.359).

From & purely.theoretioal polnt of view, tha best shupe
would be that offering the lsast total resistance for a glven
capaclty. Nevertheiess the spindle—shaped body with -the best
arag cceffliclent 1s not +the most favorable for the construction
of 21 airship. Aocording tc whether it 1ls rigid or non—rigid,
1t muet be determined when, with a constant capadltiy J, the
surface O (for non-rigid) and the weight G5 (for rigld air-
ships) 1s the smallest. Above all =lise, its controllabllity and
matteré pertaining to the hangar play the deciding role.

For ascertaining ths most favorable flight speed* 13 1s
necessary, for the s:zke of economical operetion, to be able
to change the alrcraft spsed at will, without loss of power.'
Suoh speed changes are effeoted through switohing individual en-
gines on or off,

The attempt to caloulate the distance flown with different
numbers of engines —urning, on the assumption of unvaryling effic-~
lency, offers no prospect of success, since 7 (as shown by Fig.

4) 1s greatly affected by ohanges in the speed of the aircraft.

* P. Renard, Les vorages econcmiques en aéronef (La techpique
aeronautique, 1910, Vel.II, p.1l) and C. Wieselsberger, Gottinger
(Zeltsohrift flir Flugteohnik und Motorluftechiffahrt,® 1913, p.
16) have drawn the power curves in terms of the alroraft speedr
and determined graphically the moat favorable flight speeds.
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3. Diptanoe Flown and Usefuj Load.

The exprsssion of the. useful-load with reference to the dis-
tance flown 1s derived from Professor.Parseval's formula,

If the drag-welght zatlio of the ailrcraft is XK' (ratio of
drag W +to weight G), then W =K' Q.

I+t has been found that 1/8 may be assumed for a good air-
plane. With a propeller effiolency of np = 0.75, the work done
by the englne during a flight s is: )

A=g-+« G- 0, 167

Now one HP genarates 270,000 kgn/h = 0.37 kmt/h and consumes
gbout 0.235 kg/h of fuel and oil. Hence for generating 1 kmt we
require %ng = 0.93 kg wilth a throttle loss of about 1 kg of
fusl. The fuel conawrption

B=8+* G+ 0,167 * 1 =8 G+ 0.167 kg.
The fuel consumption during flight results in a losa of
welght d4.G: _
~d4G=0C:ds K (Kggryiane = C.0N01E? for G in tons).

- l . én\
8 % In G_}
in whioh ' '
G, = welght of airoraft at start,

Eence

G = weight of airaraft at finish.
If the fuel 1cad is placed at 30% and the useful load is
likewise placed at 20% of the total weight, then the dlstanoce
flown by the airrlane in still alr 18 8zipplane = 1380 km (whic:
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18 a very favorable calculation).

In tLe case of an airship, W 1is constant. _
" With a propeller efficisrcy of mp =10.785; +the work dome by
the englne for the fligni distance s 1s '

p=-8-W
np

and the fuel consumpitlon

B=g+ 1l=213%- 8-+ W kg,

If we take 3353 as the ratlo of drag to total 1ift, then
with a fuel load squal to 30% of the total load, the distance
flown by the alrsaip will be 8 = 4?80 km,

Since, howevez, we have the ratio

= 200
own welght 40

with the unfavorabie system of the rigid alrship for useful load,
307 and more oan be reserved for fuel. (For 30% fuel load,
8;, = 7330 kgj.

The drag of an airplane is generated onlefly by the support-
ing surfaces. Any conaiderable improvernent in the ratlo of fhe
drag to the welght is therefore ﬁot to be expected through en-
largement of the dimensions of an eirplane and any inorease in 1%
asconomical radlus of astion in this manner does mot appear possl-
vle.

If we now ooneider the radius of action of alrships, the con-

parison of useful loed and fuel load for rigld aiwships in Fig. 5

shows immediately that on long voyages an extraordinary deorease
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in welight results from ths consu-:av‘.:ion of fuel.

. Fozr exa.mple, 1'b.__amourts -r.o 15, 000 kg, for a 55,000 ou.n.
airship in 50 hours of flighl.. Aa ;:. rea';]:t of this lightening,
the alrshlp climbs

AH = 18,400 log (1 - -g) meters

in vhioch g = loss in kg.
G = total weight of airship in kg.
= 15,0000
AR 81.000 / 1630 meters.

18,400 log :(1 -

If the eqjullib-ium altituds were 23500 m. on starting; the
" loas of gas 1n olimbing 1630 meters higher would amount to

0.145 - 55,000 = 8000 cu.m.

The avoldancs or diminution of tiia loss of gas resulting
from the fuel consumption constitutes an lmportant problem in
solving the qQuestion of airship transportetiom in the economiocal
sense.

As a means of obttaining ballast, we have ﬁhe air, the exhesus:
gases, and the fusl 1taélf at our disposal. The utillization of
the elr and the moisture it contains for obtalning ballast 1ls
impracticable, on aécounﬁ of the apparatus reguired and the often
small proportion oif moisturs present.

From the combiistion.. of gasoline and benzol,water and oarbon
dioxide are obtalned. These combustion products must be reduced

to a minimum volume and normal temperature before they can be
utilized as ballast. '
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Without going into the detalls of the known chemiocal and
thermcdyaerlo proossees within tkhs engine, we canmll aitention

to the normal heat balance of an alrship englne:

35, 5% wuse’ul enéfgy,
84.50% radiator water loas,
39.80% exhaust gases,
3.50% radiation,
8.45% friction end change of form.

Froa one kilogram of fuel 0.689 to 1.8 kg. of combustion
wasor oan be tvheoretiocslly obtained (1 kg, C H yieldés theoreti-
cally 1.46 kg. water at 15°C and 760 mm. Hg.). Praoctically,
with a varlation of the air sxcess betwesn 10% and 30%, we can
expect to obtain about 90% of the theorstiocal combustion water.

The valoniation of & plant for recovering the water con- .
talned in the exhaust gases is based on the mormal radiator di-
msnslons, The relative radiator efficiency deoreases with in~
creaslng flight speed.* The drag of the radiatoé end the veloc-

ty of the alx through the radiator are Giminished bty an alr |

sooop placed ir f-ort of the radiator.

* Tn Automotive Industries, Vcl.l5, p.479, airplane radistor ex—
periments ars desoribed, inauvgurated at the Bureau of Standards
in Vashington, D. €., br the LKatlionel ‘dvisory Committee for Aero-
nautlica, in which their head resistence or dreg, their resistance
to the nassage of the air current and thelr weight with relation
to the nocling sffect wae dotermined. The ratio of heat ensrey

lost to hcrsspewer expapnced veried for £1light speeds of

39.6 n/s from 17 tc 37.5,
3%.C " n 13 " 33, E

acocrding to the kind of radistor.



- 15 -

The eirship dreg W (eguation 3) is:

- LD L

w=IB-n+ BN _(5¢ . Fa+3 by g

- S

~ -

in whioh M = effioclency of airshi;_p,
K =.r.p.m. of englne,
¥ = HP of engine.
The front surfsce F of ordina.:r:y radlators on dlfferent
alroraft, provided with like engines of 245 HP, wes

For airplane with v = 50.0 m/s, F = 0.303 m3.

n girehip " v =29.3 " - F = 0.600 n* without air
_ ) 8000p.
n " " v =348 " F = 0.800 m®* with air
. 8CO0P.

For the fromt iurfa.oe of radiators.
lx = O. 5(5 for 50 m/s.
by = 0.50 for 85 ©

= 0.495 for 30 "

ﬂh
1l

A :Ea.vora,bie gpeed for the radistor effiolenoy 1ls generated
in the radiator by the air scoop. Experiments with radlastor air
zocors in thé bow of the engine nacelle demonstrated that the
radiator dz;a_\.g wes ciminished 57%.-

In ordar, with an airship engine, to remove 24.5% of the
votal amount of heat by means of the radiator, the latter's
share of ths total drag area at 34.8 m/s flight speed with radi-~

a%or alr sconps was

Zlg - Fg=0.43- 0.50 5+ 0.80 = 0,646 m?,



For cooliryg the exheust gaess, a .Pfurther.36.5% of. the heat
aad to be reuoved hy the radilator.

We have nmo experimentdl velues for gas doolers with alr
scoops.

We assumed in advance (in order not to make %00 favd;dble oal-
culations) thet the front surfece of the radiator had to be expos-
ed to the full flight speed and we obtalned for thelradiatpr, as

its part of the drag arsa

c a— : 6 — [
£lox + Fg = 0.50 + 5+ 0,60 - 22235 = 3.335 n?

The flight speed v with ordirary coolers or radlators is
(28, F + 3b_ - J¥%) = 12.75 n®.

v =725 073 5 .
12.75 + 0.125

4140

v = 34,6 n/s.

For alrships with gas coolers the speed v g was:

2

7

13.75 + 3.33

v g = 33.85 2/s instead of
v = 34.6 m/s without exhaust gas cooler.

B& installing a gas oooler, the ship's spsed was aocordingly
reduded 2 m/8, an smount which oould protably be reduded to 1.4
m/s by using air scoops. Air sooops naturally add weight, but
have the great advantage, in temperature and speed variatioans, of
keeping the'drag at a minimum on account of thelr streamlined

shape.
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(a) A gas oooler without alr scoop, with about 3 eq.m. front
surface, was installed or an sirship with a speed of 30 m/s, and
delivered about 100% of the weight of the gasoline consumed.

The efficienoy was very good, but the thin ckannels soon
rusted -and oould not be cleaned during the'trip.

(b) In order to lessen the air resistance, the oooler (or
radiator) was installed in the nacelle as a "rotor" and was ex-
pected to draw its own ocooling air. It was thought to save ener-
gy oy drlviag the rotor direot from the engine. _

After several unsuccessful attempts, one.experiment produoced
about 6> of the welght of gasoline consumed, in the form of water.
Thle rotary exhaust cooler with 30 HP drive was too small. The
channels, whlck were considsrably larzer thar the ones in the
atationary gas oooler, became ologged with rust after a few hours'
use. It was difficult to colleot the emerging water as it was im-
mediately'evaporated by the draft from the rctor. A larger plant
would occupy too rmoh room in the nacelle. |

(c) Experiments in condensing the water vapor in the ex~
haust gases by mecns of s spray of water are belng tried and have
given 80% of the fuel weight, as the gain in water.

' Methods' & and 6 ‘ave ths most promising. With & maximun
energy outlay. of 20% of the total engiﬁe @ower, an efficient watex
ballast winner can be operated.
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" The attempts to obtain the 00, in the form of ballast, by
spraying milk of lime into the exhaust pipes, or absorbing the

" 4N,  with oharocoal or ocke, failed ofi account of the lmpossiblli-

ty of chemiocal regenerations durlng the voyage.

PART 1I.
Introduction.

Peace-time aviation can only be developed from eoconomical
view points. The'ganeral teckhnlcal hypotheses were set forth in
Part I.

Wo shall now discuss the matter of cost for its limited
field of applioatiocn and for its oharacteristic techniceal oondi-
tions, and erdeavor to determine how an airship should be oon-
structed, in order to fulfill the economlcal ocomditions of the
purrose for which 1t 1s designed.

During the War, the constructors bent ail thelr energies to
inoreasing the total ocarrying ocapacity and total efficienoy of
alrcraft, and if we should represent the progress made* by &
surve as a function of the time, we oould surely expsot a smaller
tangent for the curve during the next five years. Great improve-
ments can not be expected in the immedlate future.

The carrying capacity determined tkhe useful load and the ef-

* In "Flight" of January 30, 1919, the English Air Minlastry re-
ports for the period from Auguat, 1214, to August, 1918, an Iin-
orease gf 45C% in the oarrying capacliy of eirplanes and of 55
and 79 respectively in the speed and endurance of alrshlps.
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fiolenoy deternines the ocost of fusl. Consequently, we can not

expeot any oonsiderdble inoreuzse in the relative welght of passen

R o LICTRyn YL N ~ .-

gers and fraight nor any'oéné*derable deorsase in the fuel acost.

We must therefore devots cvur aﬁtention to the alrcraft 1t-
self and 1ts oonstruoction, while teking its short term of life
. 1nto consideration. 8Statistios concerning the_life of alrplanes
" and airships have thus far been lmpossible.

The relatively nhigh stresses on the essantial structural
rarts of alroraft in oomperison, for example, with locomotives
end steamboats, constitute the ohief reason for thelr short life.
Tho strengthening of these parts at the cost of the useful load
is largely imprecticebls 2nd there accordinglr remains, as the
ultimate solution, only the leseening of the cost of comstructiorn
by Quantity productlion of exchangsable parts.

Exporience has shown that tke varlous parte of alrcreft dif-
fer greatly in durabllity. While, for example, one part is only
good for 100 hours of flight, arother part may stand 6000 kours.

Conditions demand tae greatest pcssible standardization and,
above all elsa, the manufacturs of exchangeable parts. Eoconomica.
quantity prodﬁétion‘in dstell, however, is not at first 3trictly
arplloeble to alrcraft, since the machinexry equipment of a faotcm
would paed to bs adapted to sash smallest rart énd Process.

The appliqation of this primeciple would enable the produdti:
nf say, 300 alrocraft cf the same type in a'working-day, a numbez

for whioh there is yet no need but whioh mgy soon ocome within +the
. realm of rnossibility.
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We must therefore be satisfied with & compromise ané endeav-
or to bring the fundamental requirement, the continulty of the
supply of. materials.for making.the_larger.parts of the airqraft
into harmony with a definite yearly produotion of aircraft, for
whioh there will always be & demand.

I. CONSTRUCTION,

The necessity of keeplng the production ocost of the airships
low in compariscn wlth the running expenses of the alirship lires,
leads to a deegper investigation into the methods of making the
main part of a rigld airship.

In order to determine tae cost of the three factors:

1. Materilals,
3. TWages,
3. Overhead expenses, _
in bﬁilding an alrekip, the following exzhibit of ‘the bracing

strips employed 1n the fremework of a 55,000 cu.m. airship serves
first.



Bracing strips on frame.

Braoing: Thickness:Number per:Strips of like: Number 1% of total
... strips: .in mm._ ;... ship. __:oross-sectlon :per ship: number

a/b : 0.4 : 3,300 : :

a/b * 0.5 :+ 15,000 : a : 24,800 -3 9.7

a/b : 0.8 : 6,000 : :

b/ : 0.4 : 11,000 : :

b/b : 0.B : 13,000 : b : 73,800 ¢ 39.0

./ : 0.8 : 300 : : :

o/d : 0.4 150 : o : 150 0.1

a/a : 0.4 : 150 @ d : 450 @ 0.3

e/e : V.4 : 8,800 : : :

e/e : 0.5 : 7,000 : 8 : 38,300 @ 14.4

e/e : Q.8 : 2,500 : : :

£/£ °: 0.5 : 1,100 : :

£f/g : 0.4 T 7,500 -4 : 10,300 : 4.1

£/g : 0.5 : 600 : g : 8,100 : 3.3

h/A 0.4 : 3,300 : :

h;h : 0.5 : 1,100 = h : 33,860 9.5

h/i : 0.4 : 15,000 : : :

/L : 0.5 : 250 1 : 15,350 6.1

k/k : 0.4 : 15,000 : :

k/k ¢ 0.5 : 5,300 : : :

k/k : 0.6 : 3,000 : : :

k/1 : 0.4 i 4,000 : k : 63,800 : 31.0

k/1 : 0.5 : 3,600 1 : 8,500 : 3.6

m/m "t 0.4 150 : m : 300 : 0.1
135,600 351,300 100.0

The variation of C.3 mm. in the thickness of the sheet metal
mekes no difference in the manufeaocture of the strips, so that it
is seen from the last column that one kind of strlp aonstitutes
30%, in a round number, of the total number of strips used on
the airship. |

A day's output of a stamping machine consists, for both pro-
cesses of cutting and stamping, of 6000 to 9000 piecés, aeuo&ding
to the size of the strips.

If, now, the manufacture were conducted on the princlple
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tkat the simplest part with its prooess determines the machine
_ mumber for all the other parts, then for the strip 1, with a re-

. quirement of Sébo'éfripé per airship, a d&y's wétk would be resch
ed and one airship would De completed evary day.

A monthly output of 35 airships does not come at once into
the realm of possibility. We must consider the relation betwaeen
the total time required &nd the unintertupted operation of an
airship on the same part.

If, for instance, an airship 1s to be completed every month,
%then, as soorn a3 one 1ls removed from the assembling hall, all the
materlals must lie reedy for the next, that is, the individual
processes must follow cne another in such manner ae not to inter-
rupt the movement of the materials, if another alrship 1s to be
completed on time.

If the processes involved in the conatruction of the frame*

are dividsd into:ﬁ

* The "Aeroplane” of Avgust 30, 1919, desoribes the construction
of the English rigld alrship made of duralumin by the firms of
Viokers Ltd., Armstrong, ¥hitworth & Co., Ltd., and m. Beardmore
& Co., Ltd., as likewise of the wcoden frame airships made by the
Short Brothers, in Bedford.

The numerous illuetrations show the individual processes in the
construction of the airships and detailed descriptions pioture
the characteristic struoctural peoculiaritiea.

The three operations:
Riveting the girders,
Agsembling the transverse frames and
Assembling the whole framework,
are lllustrated by plctures of the workshop with female workers,
of tha transverss frame ahogawith suspension devices and by many
views of the assembling hal An account is also given of the
many subsidlary industrles connected with airship bullding.
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1. Maohine work with unskilled operatives,.

3. Piveting the girders,

3. -Assembling the transverse franes,

4, Final aasembling of airshirp,
1t may be noted that the cutting and stamping of the stripe and
plates, as well as riveting the glrders, comstitute pure quanti-
ty produoction, since these operations are performed by unskilled
female operatives. (It has been found that women are better
adapted than men for such uniform mechanical vprocesses whioh re-
quire no great physical exertion.)

In assembling the transverse frames, one-third of the work
is done by mechanios and two-thirds by unskilled assistants; the
final assembling of the wholes framework, ﬁy one-fourth mechanics
end tLree-fourtls unskilled assistants.

Since, as already mentioned, it is impossible %o perform all
the work by quantity production, it remains to be decidsd where
to draw the line between it and unit production.

If we hold to our program of oompleting one alrship per
month, then complete individual production with the four process-~
es would require a period of four nonths, one month for eaoch work
shop to oonstruct or assemble the parts for one eirship. Any
shifting 1n the order of finishing the individual parts would be
entirely allowable and the strips stamped in the filrst workshqp,
on the last day of the stipulated delivery month, ocould be rivet-
ed to the glrders in the next workshop any time during the nexit
delivery month,
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As soon as a change 1s made to the plan of adjusting ore

machine to the number of like strips required for several air-

~ " ‘gships, ‘then the work in all~the shopa must be done in accordanoce

with a definite plan, Getarminad in the supervising office, and

no shif4ting is possilble.
B8ince girders and transverse frames are bulky parts, it is

advisable, for the sake of savling space, to construot them only
for one airship, instead of for several at a time.

The time consumed affects the operating capital, since the
longer the flow of materials oontimies, the more money 1s tled
up. The uninterrupted operation of a machine is a source of
egonomy.

The arbitrary production of an exocessive number of parts in-
curs the risk of having a large number left over in case the
partioular type shonld be abandcned, whlle lacking parts must be
made by expensive overtime work, both of which are highly uneoco-
Tnomlcal,

The same as for the framework, the work on the enginea, na-
celles, eto., may be systematically planned. Conditions here
are more favorable, since more units of the ‘same design are re-
QUirgd per ship,

Hany firms have introduced cost of produoction cards, on
whioh every plece, together with cost of labor and material, as -
well as overhead costs and deterioratiorn are entered.

S8inoe the writer has no such system at.his disposal, he
found himself compelled to get at the cost of production in an-



other way.

The weight of every individual wes determinéd pext for a
series of alrshirs. For every oclege of struotural parte, & def-
inite faotor was obtained, as for example, 50% for lattioce stripa

With the ald of carefully prepared weight llsts the matex-
lal actually oonsumed was determined. Multiplying this by the
ourrent prices gave the cost of materials.

In a similar way, the time required to make eaoh part was

found. Multiplying by the oustdmary wages, and adding, geve the
total oost of labor.

3. ESTABLISHMENT OF AN AIRSHIP LINE.

The sconomical adaptation of an airship to traffie purposes
1s demonstrated, vhen 1t shows sufficlent advantages in compari-
son with competing msans of traffic, .Gue to its utilization ol
the alr as a means of conveyance over both land and sea. The con-
ditions are most favorable for airships 1n orossing a region of
alterﬁating land and wafar, thug avolding the necessity of trans-
fers. '

Ir competition with existing land or water conveyances, air—
ships have the advantage of spsed and the saving in time in golng

from one place to another determines the allowable incrsase in
fare. |

Assumling that ailrplanes in their rresent form have a maximur
eoonomlocal flight dlstence of 51C0 km., they will be adapted to
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establishing commniocations between places where the rallroads
make 1ong detours and will supplement the latter, in a general

* way, 11ke automobiles, but dver 1onger stretohes. They will also

be smployed where the deciding faotor ls the saving of tilms in
comparison with the railroad or shlp, especlally where there 1s

provision for emergency landinga.

It would, however, be practically impossible for them to
oross the Paoifio Ocean without replenishing thair fuel surrly
from mother ships which could be stationed at intervels of about
1500 km. This aoccordingly oonstitutes the prinolpal field of
operation for airshipa.

Trans-Atlantio Traffig.-- Even in flying over lend, the alrship
has the advantage in its ability to carry larger and Indivisible

objecta.

The dlstance an airoraft ocan fly depends on the four quan-
titles:
l. Lift-drag ratilo,
8. Rate of fuel consumption,
3. Effioclency of propeller,
4, HRatlo of fuel welght to total weight.

It has already been mentioned that any oonsiderable improve-
ment in the first three is not lmmediately probable. It is fur~
thermore evident that the-ratio of the fuel -weight to the total
veight may be vaerled at will by changing the useful load. 1In
this oonneotlon, ths question of flight distanoe for eccnomiocal

purposes could be based on the ratio of fuel weilght to usgeful
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loagd.

Instances may ooccur when it is a question of reachiagz a zlv-
-em pbint;-&t any- cost, in the -shoriest possible tims. A relative
ly small airaméft is better for tkils purpose when 1t 1s possidle
' to make intermediate landings. o

If a non-stop flight must be made, the flight dlstance for

a glant airplane with two ﬁassengera way be

B=geln ( ) = 5D00IES ° (382 yro130 1

Such exceptional cases can not however be taken as the basis for
an economical ealoulation.
The preliminary conditions fér the economiocal operation of
an alr traffic line must acoordingly be:
l. Regularity of trips,

3. Nearly comsten% weight of passengers and
frelght,

3. Maxirmum transeformation of engine power of
fuel constmption into flight performance.

Conditions 1 and 2 depend on meteorological oonseiderations
and the necessary r;ﬁunerative load, while condition 3 is depend-
ent on the construction of the alroraft and stationary adjuncts
- and the economiocal production of both.-

In disoussing conditions 1 and 3, 1t is quite common to say
that those portions of the eartp wh;oh‘q;e 1nhabit§d by_rioh and
enterpriging men, do not hove favorable neteorologlcal conditions.

The union of Europe with Worth American by an airship line

iz most entioclng to business men on account of the large commeroce
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ard passenger traffio between the two oountries.

An inspeotion of the weather charts shows, Lowever, tkat

‘the ‘regular cperation-of such a 1in3 the year round-is-not posri-

' ble. Thx oughout the whole dlstancu strung wesi winds prevall

with great danger from storms during the months of September %o
April and muoh aloudy weather during the balance of the yeaxr.

The most favorable months for the direoct route betwsen Lisbonm

and New York are Juns, July and August, since during this periocd
there are spells of sast wind and few olouds and storms south of
+he fortleth parallel of latitude.

Crosesing the Atlantlioc with airships requires complete weath-
er reporta and the best westher predlotions and radio-telegraphy.

: Geherally the direot rcute will not be chosen but detours will

be made according to weatiaer oconditions. In August, for exampls,
tbe Northeast trade-wind oan be utllized by makirg a detour to
the south.

Binoe thers 1s room in this article to state oniy the most
general preliminary conditlions for the establishrent of alrship
lines, I shall asimply call attention to the faot that the Medlt-
errancan S8ea and the Pacifim.Oopan are more sulted to airshilp
traffic than the Atlantlo Ocean and that comsetuently the lines
Lomdon-Cairo-Australia, Garib-OQpe Town, and Franolsao-lanila

are Very promising.*

* Sge "Segelhandbuch des Atlantischen Ozeang;" Schnell, "Der
Flug fiber den Ozean," Kotor, 1912, p.105; "The Aercplane," Aug-
ust, 1919, p.893, "Alr Ourrents Over the Atlantioc Ogean.™



3. OCSTS OF OFPERATION AND UPEKEEP.

... For degermining the oost pex kmt (kllometer-ton) ths Ae-
s2ive faotors are:* _
1. Airoraft promction and ambruization,
3. Fuel,
3. Gas, _
4, Accommolations for pllote and passengers,

5. Service, furniture, spare parts, repalrs,
eto.

6. Alrdromes, hangars, mooring towers, and
thelr amortization.**

. The oonsideration of the relative value of each of the atove
a8lerents would be too iengthy to take up here. With the pres-
ent constantly changing values, the actual cost le lesg_import-
ant than the relaiive cost for eirehips of diffsrent sizes.

It has been demonstrated that an eirship should have e gas
oapaocity of at least 75,000 ou;m;'for.a flight disiance of
2000 km,

* In "Zeitschrift flr Plugtechnik und Motorluftschiffahrt,"

A. Betz gives ths Tunning expenses in velation to the flight die-
tance s and-the flight speed v and makes the cost of the air-
oraft propon iional to its weight -and the price of the engline
proportional to its power (HP),

‘%% Ip "The Aeroplane” for Auguet 30, 1219, the essentials for an

alrshlp are given as follows:.

_ 1l.--An airdrome of 1.5 sq.¥m.; 3.—~A hangar capable of
Holding two airships; 3.--A mooring tower with a windlass; 4.~-A
motor car on rails for conduoting the airship from the tower to
the hangar by meane of an eleotric winch; 5.~-Hydrogen plant;
6.--Repalr shops; 7.--Meteorologia and radlo stations; 8.——Eleo-
trlo- slgnalling stations for night service; 9.--Offlces, eta.



For a propeller of given diameter, with a
certaln diminution ¢f efficiency, the
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